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Research Focus

New Sea-lce Constitutive Model
e Flastic-Decohesive Model

Numerical Method
e Material-Point Method
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Why A New Ice Model?

The viscous-plastic model is an isotropic model based on a 100
km scale in which it was assumed that cracks, ridges and leads
were randomly distributed.

RGPS analysis of satellite images shows large ice deformation

events occurring in long-lasting linear features that appear to

correspond to displacement (or velocity)discontinuities in the
deformation field due to leads.
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Elastic-Decohesive Sea Ice Model

Overall Objective: Numerically simulate “linear
kinematic features” (eg. leads and ridges)

Initial Focus: Prediction and appearance of leads

Proposed Approach: Elastic-Decohesive Model

For thick first-year ice and multi-year ice, we assume most
deformation occurs due to discontinuities in the displacement field.

Ice Is quasibrittle so we can borrow from models
of concrete and rock.
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Elastic-Decohesive Model

* Intact ice modeled as elastic

* Leads modeled as discontinuities

* Model predicts initiation of a lead and
Its orientation

* Traction is reduced with lead opening
until a complete fracture forms

* Implementation similar to elastic-plastic
model

Model for Sea Ice, J. of Geophys. Res., 111, C11S26, doi:10.1029/2005) C003334.
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Simulate a Region of the Beaufort
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Ocean

Hudson

s
oay

Baffin
Bay

£

=0
o
l;{ Greenland

Davis Strait

(MR

Nu\ka
Paamiut (Godth lQ
(Fredexikshib U

| Labrador

>ea

-//
_
i

North Atlantic Ocean

Chukchi

S¢a

Arctic

Ocean

)
9( Fitn ~
N

Long )'g:.\ rby¢

(DENMARK)

ISLANDS
Laptey
Sea

SEVERNAYA
ZEMLYA

NC
- Svalbard
(NQRWAY)

! '3
Barents Sea

Bjornoya

Greenland (NORWAY
Sea

Jan Mayen
# (NORWAYY

Norwegian

Sea

Faroe
Torshavn Islands

Seaof

Okhotsk

Okhotsk
.Oymy.\kon 4
N\

Yakutsk

Verkhoyansk
.

10°C (50°F) isotherm, (
July

RUSSIA
(L\,ﬂ:‘fr"\\/ A=90(E

ZEMLYA

Nizhniy \
Novgorod

)
Moscow
*‘ losco Saratov

Deborah Sulsky ECCO2 Meeting, Nov. 9-10, 2009



Problem Set Up

Simulate 16 days in Feb/Mar, 2004

ice {cyan, day 54.5) & land (blue) & sea (brown)

E=1MPa

v =0.36

Tnf = 25 KPa
Tsf = 15 KPa
f'c =125 KPa
Uo = 400 m
Sm :4

d Apply known winds and ocean currents from a model.
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Material-Point Method

Solves standard momentum equation

dv
(ph)— —tg—ty +t(ph)felesxv)=V-(oh) =

dt
Inertia Coriolis  Stress div
Air Drag: : . 1
t =0 V. [RY R | cosa —sina
o = Lt alM T, < sina@  cosa |
Water Drag:
- cosfB -—sinff
ty=¢ V-VvyulRy(vV—v Ry = .
w wPwll w | Ry ( w) w sin B cosff

Plus ice thickness distrubution and Bitz-Lipscomb
0 thermodynamics
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Initialization

Where are existing leads?

Crack Orientations, days:536-547, u0=0.2km
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Fracture Patterns in the Beaufort

decOpening, days:546-557 decOpening, da 0=0.4
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Fracture Patterns in the Beaufort

decOpening, days:596-607 decOpening, day60, u0=0.4
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Fracture Patterns in the Beaufort
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Calculations were done
- without tuning parameters

- with crude initial guess
- with no refreezing of leads

- with errors from preprocessing satellite data
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Features of elastic-decohesive model:

 Stress state at which leads initiate

e Orientation of lead at initiation

e Evolution of lead (softening)

* Existing material weakness

* Implemented in plasticity framework
Work in progress:

* Initial conditions

* Freezing model

e Coupling to ocean
4 * Metrics
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